In this paper, we propose a novel concept of correlation-based stable networks to empirically investigate the dynamic integration and network structure of the European Monetary Union (EMU) sovereign bond markets. The obtained results uncover a high degree of market integration between sample markets over the period preceding the recent financial crises, while segmentation is found afterwards. The stable network analysis shows, for its part, the existence of two different network structures before and after the onset of the European debt crisis, where the in-crisis network structure is characterized by two groups of countries with respect to their fiscal performance. In particular, Belgium is the unique vertex connecting the two groups, making it the channel for shock transmission in the event of worsening debt crisis in the EMU.
Introduction
The creation of the European Economic and Monetary Union (EMU) in January 1999 and the launch of the single currency "euro" have significantly contributed to the gradual convergence of member countries' government bonds, with the remaining yield spreads being mainly attributed to differences in the levels of idiosyncratic credit and liquidity risks (see, e.g., Abad et al. 2010; Pozzi and Wolswijk 2012) . 1 There is also evidence to suggest an overall increase in co-movements in the euro area bond markets (Ehrmann et al. 2011) . These realities, coupled with lower unemployment and inflation rates compared to the pre-EMU levels in most participating countries (Gruner 2010) , suggests that the EMU government bond markets have been interacting in a more synchronized network where flows of funds, information and expectations are transferred to each other among the member markets.
The above-mentioned financial network of EMU government bond markets with many actors and decision-makers has, however, become complex in the aftermath of the global financial crisis [2008] [2009] , which turned into a broader global economic recession and particularly triggered the macroeconomic and fiscal imbalances within EMU countries, after nearly 10 years of stability. During the European sovereign debt crisis, the contagious effects (both fundamentals and geographic herding contagion) are thus found to spread from the shock (crisis) country to the others with unequal intensity and magnitude (Beirne and Fratscher 2013) . 2 The low yields of government bonds (and spreads as compared to the yield of German government bonds) issued by the Member States of the EMU were no longer observed anymore (Sibbertsen et al. 2014) . More importantly, their co-movement degree was rapidly decreasing following the occurrence of the sovereign debt crisis as shown in Fig. 1 .
This structural change in the pricing of sovereign debt markets, despite a number of policy measures and initiatives undertaken by the EMU decision makers (e.g., European stability mechanism, securities market program and covered bonds purchase program), suggests that creditors have started to distinguish clearly between the different member States of the euro area. In this context, identifying the network structure of the EMU government bond markets and its time-varying features over the recent sovereign debt crisis is of paramount importance as far as multiple decision makers are concerned by the interconnection of these markets. This paper proposes the concept of correlation-based stable networks to examine the dynamics of interconnected network of the EMU government bond markets. Our research is motivated by the fact that financial markets and institutions across countries are interconnected through a complex structure of multilateral linkages and exposures, which can be captured by a network representation of financial system (Capponin and Chen 2015) .
The financial status of a particular market can change if an unexpected shock causes financial distress or large losses to its counter parties. The use of networks in describing the relationships and contagion risk between financial markets with complex interactions is a 1 Abad et al. (2010) examine the sensitivity of Government bond returns to two sources of systemic risk (world and eurozone) and find that the euro markets are more sensitive to EMU risk factors than to world risk factors, an evidence that shows their increased integration over time. Pozzi and Wolswijk (2012) investigate the time-varying integration of euro area government bond markets (Belgium, France, Italy, Germany, and the Netherlands) from an ICAPM with impediments, whereby risk premiums are conditional on a countryspecific factor. They mainly document a convergence of the government bond market exposures to the common international risk factor, with no tendency to reverse during the global financial crisis [2007] [2008] [2009] . 2 The fundamentals contagion refers to the fact that sovereign bond markets are more sensitive to countries' economic fundamentals during the crisis period than the pre-crisis period, while the geographic herding contagion indicates that sovereign risk increased simultaneously across countries. Beirne and Fratscher (2013) find evidence of the geographic herding contagion for the euro area countries in 2008 and between August and September 2011. new research strand and helps, from an operational point of view, design market and regulation policies (see, e.g., Pragidis et al. 2015; Barro and Basso 2010; Markellos et al. 2016 ). The proposed approach, which combines the dynamic network theory with the consistent Dynamic Conditional Correlation FIAPARCH model (cDCC-FIAPARCH), is particularly advantageous in that it allows one to not only gauge the financial integration and segmentation structure of the EMU government bond markets before and after the sovereign debt crisis, but also to detect the underlying mechanisms of shock transmission. All in all, the obtained results would help investors and policy makers to anticipate the potential paths for crisis/recovery transmission in the future. Our study thus contributes to the recent research strand which tackles the contagion and systematic risk issues during the European debt crisis (see, e.g., Pragidis et al. 2015; Paltalidis et al. 2015; Reboredo and Ugolini 2015; Dewachter et al. 2015) .
Using daily data of 10-year benchmark government bond yields for eleven EMU countries over the period 2002-2014, our results indicate that investors have clearly distinguished between the different EMU members during the European debt crisis. More precisely, there is a decreasing tendency of overall correlation among the sample markets since 2013, which can be attributed to the existence of different network clusters. In particular, the co-movement is high among bond markets of the same cluster, but low between clusters. In this new normal environment, the EMU sovereign bond markets are clearly divided into two groups with similar performance of fiscal policy, where Belgian debt market is the common vertex and can thus have a critical role in monitoring the future stability and recovering of the EMU debt markets. The results are robust to alternative stability and correlation strength parameter selections when constructing the stable networks. Our findings also put forward the role of the Federal Reserve tapering moves and liquidity decreases in explaining the recent developments in the EMU debt markets (i.e., they tend to co-move in greater harmony) rather than their economic fundamentals.
The rest of the paper is organized as follows. Section 2 presents the data and the methodology we use to conduct the empirical investigation. Section 3 reports the results. Section 4 concludes the paper.
Data and methodology
We consider daily 10-year benchmark government bond yields for a sample of eleven countries to carry out our empirical analysis. These countries include Austria, Belgium, Finland, France, Germany, Greece, Italy, Ireland, Netherlands, Portugal, and Spain. The data are obtained from Thomson Reuters Datastream. The sample spans a time period from March 1, 2002 (end of dual circulation period in Greece) until May 2, 2014, which specifically captures the various phases of financial linkages in the European sovereign bond markets over the last 12 years. Figure 1 displays the patterns of changes in sovereign bond yields over the study period. We observe a convergence of bond yields in the EMU during the first 10 years. Then, the 10-year bond yield of Greece has increased sharply, which marked the beginning of the European debt crisis and the divergence phase. The bond yields of Ireland, Italy, Portugal and Spain also increased, while those of other countries such as Finland, France, and Germany decreased. This phenomenon seems to reflect the investors' distinction between sovereign debt markets with respect to their credit quality. Finally, there is, since 2013, a tendency towards an harmony of bond yields. In what follows, we apply the consistent Dynamic Conditional Correlation FIAPARCH (cDCC-FIAPARCH) of Aielli (2013) to track the degree of time-varying co-movement between these markets. This model also helps identify shifts in the co-movement structure and the exact timing of bond yield co-movements.
Consistent dynamic conditional correlation
The dynamic conditional correlations are estimated by the cDCC process as in Aielli (2013) . To do so, we first compute the daily changes in sovereign bond yields (BY) by taking the first differences for each sample country i as follows:
We take out the days when more than half of the markets are closed to ensure the accuracy of model estimations. Moreover, the highest and lowest five daily changes of each market are removed from the dataset to get rid of outliers. To remove the serial correlation effects (which are present in all daily changes) and obtain the zero-mean residuals for further statistical analysis, we estimate the following mean equation:
where r t = [r 1,t , . . . , r n,t ] is the vector of n bond yield daily changes; μ is a vector of constants with length n; φ is the coefficient vector corresponding to autoregressive terms; and t = [ 1,t , . . . , n,t ] is the vector of residuals.
In the next step, we obtain the conditional volatilities h i,t from the univariate FIAPARCH(1,d,1) model for an extended flexibility, as it allows to explicitly accommodate asymmetric effects and long memory in volatility processes. The FIAPARCH (1,d,1) model is given by
where ω ∈ (0, ∞), |β| and |φ| 
where R t = [ρ i j,t ] is the conditional correlation matrix and the diagonal matrix of the conditional variances is given by D t = diag(h 1,t , . . . , h n,t ). Engle (2002) models the right hand side of Eq. (3) rather than H t directly and proposes the following dynamic correlation structure:
where
is the n × n unconditional covariance matrix of u t , Q * t = diag{Q t } and a, b are non-negative scalars satisfying a + b < 1. This modelling is called DCC.
However, Aielli (2013) shows that the estimation of Q by this way is inconsistent since
and thus proposes the following consistent model with the correlation driving process
where S is the unconditional covariance matrix of Q * 1/2 t u t . Finally, we compute the average cDCC to consider the time-varying correlation of the EMU bond yields at the group level, such as
Correlation-based stable networks
Our integrated framework can be divided into two main parts. The first one consists of obtaining the dynamic conditional correlation matrix R t , and the second one is the modeling of the financial networks based on time-varying correlations of sovereign bond yields we obtain in Sect. 2.1. It is worth noting that networks have recently become an important tool in financial economics and proven to be an efficient way to characterize and investigate a wide range of complex financial systems including stock, bond, commodity, foreign exchange, and interbank lending markets. 4 Moreover, from an operational research point of view, they have been started to use in financial decision making processes as in the work of Nagurney and Ke (2006) where authors develop a framework to analyze the financial network equilibrium problems with intermediation and variable weights, and as in the work of Barro and Basso (2010) where the credit risk of a portfolio of bank loans is investigated within a dynamic framework. In this scheme of things, a correlation-based network would be very useful in understanding the financial integration and segmentation structure of the EMU bond markets in our case. Such an approach has not been used in the relevant literature before and we expect it to provide noteworthy financial and policy implications regarding the subject. To be able to follow our approach, we first need to give some introductory context. Suppose that an undirected and unweighted network N t evolves in time and includes at most k nodes from the set {n 1 , n 2 , . . . , n k } on any given time step t. At that time t, let some (or all) of the nodes in the network be connected to each other according to some t-dependent criterion. As can be easily understood, in this construction, the nodes included in the network and the edges connecting these nodes need not to be stable and are subject to change in time. Now, we introduce the following genuine definitions.
Definition 1 Let N t be a dynamic network described as above. Let e i j be an edge connecting specific nodes n i and n j , and the time variable t spans the set {t 1 , t 2 , . . . , t m }. Suppose e i j appears in the network s out of m times.
Definition 2 Let R t be the cDCC matrix defined in Sect. 2.1. At time t, let ρ(t) be the mean of the lower triangular part of R t , and σ (t) be its standard deviation. A correlation level
where the constant c ≥ 0. 6, 7 Then, our approach can be described as follows. For a pre-determined strength level c, we construct a dynamic network N t consisting of nodes connected by only c-strong correlations at time t, where nodes represent the sample countries. Next, for the considered time period, we construct M; the p-stable network of N t . For relatively high p values, we can intuitively state that members connected in M are integrated. As c-level is chosen higher, this integration degree gets stronger.
In the following section, we will study the integration/segmentation structure of the EMU bond markets by analyzing the p-stable connections. For the sake of simplicity in our setup, we introduce the following definition which will be our main focus throughout the rest of this study. This last definition associates the concept of stability with the observation of an average event at least half of the time which is, indeed, intuitive. From a methodological point of view, the third definition can later be diversified as super-stable by imposing stronger connectivity and stability conditions.
Dynamic linkages of the EMU debt markets
Figure 2 displays the average dynamic correlation between the bond yields of the EMU countries, which is computed from the cDCC-FIAPARCH model. Accordingly, we observe that the early years of the EMU exhibit an almost perfect bond market integration with an average correlation estimate above 0.8. This high level of integration reflects a gain in importance of aggregated European factors over local country-specific ones. The dynamics of bond market linkage in the EMU then had abrupt changes, with respect to two critical dates. The first one was the 15th of September 2008 which marked the collapse of Lehman Brothers Holdings Inc. While this event did not have an important impact on the EMU government bond yields relative to the German Bund (see, Fig. 1) , Fig. 2 clearly shows that it seems to cause the start of divergence process among the EMU sovereign bond markets given the sharp decrease in the correlation of bond yields.
The second date is the 5th of November 2009, the date when the Greek government revealed a revised budget deficit of 12.7% of GDP for 2009, which was double the previous estimate. This time, not only the average correlation falls down dramatically from a high level of 0.8 to the lowest level of about 0.2 in April 2012, but also the sovereign bond yields and spreads relative to the German Bund rise sharply for most of the EMU countries. 8 Country-specific factors related to economic fundamentals and sovereign debt quality have been identified as the most relevant sources of this divergence. A new concordance period of bond yields is subsequently observed from May 2014 without obvious reverses.
Our findings based on the cDCC are thus broadly consistent with those of Pozzi and Wolswijk (2012) who developed an analytical framework that allows the gradual shifts of selected EMU sovereign bond markets (Belgium, France, Germany, Italy, and the Netherlands) from a full ICAPM with investment barriers to a standard ICAPM. Indeed, their dynamic integration analysis over the period 1995-2009 shows evidence of a convergence process where country-specific factors are almost removed by 2006 with an exception of Italy, but these factors reappeared during the 2007 Sub-prime crisis and the subsequent global financial crisis 2008-2009. More importantly, the exposure of the EMU government bond markets to common international risk factors converges over time and is not affected by the recent crises. Christiansen (2014) uses the R-square approach to examine the integration of the EU government bond markets (i.e., the explanatory power of the OLS regression of common risk factors on the bond returns) and documents that markets with low credit ratings are less integrated with the others and that the level of integration between EMU markets is lower during periods of the recent crises (both the global financial crisis and the European debt crisis). To a larger extent, Reboredo and Ugolini (2015) show from a copula-CoVaR approach that the EMU sovereign bond markets behave similarly in terms of systematic risk before the advent of the European debt crisis, and that they have become more decoupled afterwards, even though systemic risk increased for non-crisis countries. 
Network analysis
We now consider the effects of the European sovereign debt crisis on the integration/segmentation structure of the EMU bond markets. For this purpose, we exclude the time period marked by the Sub-prime crisis and the global financial crisis, and focus particularly on the dynamics of bond yields during Phase 1 and Phase 2, as indicated in We show, in Fig. 3 , the stable networks during Phase 1 and Phase 2, which are constructed using the methodology presented in Sect. 2.2. 9 In Table 1 , we present the major centrality scores of the sample EMU members belonging to simply-stable networks in Phase 1 and Phase 2. In network theory, the centrality of a node determines the relative importance of that node within a network. We use node degree, betweenness centrality, and closeness centrality as our main importance measures. These measures are defined as follows.
Node degree is the number of nodes that is adjacent to it in a network.
Betweenness centrality measures the importance of a node as an intermediate part between other nodes. For a given node k, it is defined as
where n i j (k) is the number of shortest geodesic paths between nodes i and j passing through k, and m i j is the total number of shortest geodesic paths between i and j. Closeness centrality is a measure of the average geodesic distance from one node to all others. This measure is high for strongly connected central nodes and low for poorly connected ones. For node i in a network with N nodes, it is defined as
where d(i, j) is the minimum geodesic path distance between nodes i and j. For all these centrality measures, the larger they are, the more important the node is. Therefore, we basically see two different networks with asymmetric links between sample sovereign bond markets. In Phase 1, a high degree of integration among sample markets is observed as almost every sovereign debt market in the EMU is connected to at least two other markets. This is officially validated by the average node degree per node in Phase 1 (6.2) which is significantly greater than the average node degree in Phase 2 (4.2). As expected, Austria, Belgium, Finland, France and Germany are located at the center of the network structure and have multiple edges (complex structure of relationships), thus indicating not only their high degree of integration with the other markets but also their high connectedness with them. This is also reflected on the betweenness degrees of each of these members in Phase 1 given in Table 1 , since these are the only members that have betweenness scores greater than zero. The results of integration analysis in Christiansen (2014) also provide evidence of high integration degrees for these countries, while explaining this feature by their high credit quality. On the other hand, Phase 2 is clearly characterized by a segmentation structure. This segmentation is obvious not only in view of the significant decreases in the average node degree in Phase 2, but also observed through the significant decreases in closeness and betweenness centralities in the same period. There are two main clusters where the member countries struggling with public debt problems (denoted in red) together form one cluster. Indeed, the average debt-to-GDP ratios as provided by Eurostat for these countries over the period 2010-2014 range from 81.6% (Spain) to 123.2% (Italy). 10 In the other cluster, we observe the countries with stronger fiscal positions during the sovereign debt crisis period (Austria, Belgium, Finland, France, Germany, and Netherlands).
It is worth noting that, with a 2010-2014 average debt-to-GDP ratio of 166.64%, Greece is not connected to any other member country in Phase 2, which reveals that its debt market no longer belongs to the same asset class with the others and currently stands as an outlier in the EMU. Another important fact is that the decrease in the overall correlation level in Phase 2, as shown by simply-stable networks, is not due to a general divergence of EMU members. Instead, it is more likely to be caused by clusters of countries that exhibit high within-cluster co-movement but not between-cluster co-movement. Figure 3 highlights an intermediate role of Belgium as a connection hub in the new segmented structure because the two main clusters are connected through this country during Phase 2. This change in the network structure is also confirmed by the statistics in Table 1 where Belgium has the highest betweenness centrality score of 20, which is almost three times the value in Phase 1, as well as the highest closeness score of 0.074. In other words, the Belgian sovereign debt market has become a greater transmitter of shocks between the two clusters during the sovereign debt crisis period, and could play a crucial role in monitoring the systemic risk in the EMU. Belgium's role is very likely related to the evolution of its fiscal performance relative to other countries in the sample. According to Eurostat, the average government surplus/deficit as percentage of GDP ranges from − 7.37% (Greece) to 3.50% (Finland) over the period 2002-2008 (Phase 1). 11 With a ratio of − 0.80%, Belgium is among the top performers in terms of fiscal position. In the 2010-2014 period (Phase 2), all sample countries experienced fiscal deficit (averaged from − 1.37% in Germany to − 12.72% in Ireland), and Belgium maintained an upright level from the previous period (− 3.98%), which effectively separates the two clusters we identified in Fig. 3 . Note that Belgium has a lower deficit level than France (− 5.32%) during the same period, but weaker fundamentals due to its high public debt level (103.54% versus 88.88%) coupling with near-zero growth, high labor cost, and very low inflation. The failure of Flemings and Walloons to form a government in the late 2010 also triggered the anxieties from policymakers and investor community.
The position of Belgium during Phase 2 has two main implications. On the one hand, Belgium could be the next "sick man" of the Eurozone in the event that the sovereign debt crisis worsens. In this case, harmful crisis spillover effect will take place through this country first, before it contaminates other countries. Our finding thus corroborated the rising concerns about Belgium's debt-trap fears as of December 2010 and the downgrade alert of its creditworthiness by Fitch Ratings in November 2014, which typically signaled the possible move of the European debt crisis to the core of the EMU. On the other hand, if a recovery is to be observed, it will most likely happen by the convergence of bond yields of struggling (in-crisis) member countries to the yields of Belgium.
To examine the robustness of our main results, we also display the stable-networks in Phase 1 and Phase 2 for alternative stability ( p) and correlation strength (c) parameter selections. In our main analysis, we use p = 0.5 and c = 0, whereas the following figures show how these stable networks may change when we strengthen the conditions to construct them. In Fig. 4 , we increase the c-level, therefore it becomes much harder to state that a correlation is strong. In this new structure, we see that stable networks in Phase 1 still tend to include all members and have a dense structure whereas in Phase 2, links between nodes get broken further and we see even more segmentation in the market.
Very similar results also arise in the case of increasing the p-level, i.e., the stability the condition. In this case, we significantly need more appearance of some node n i j in the dynamic network structure in order to call it a stable one. We see, in Fig. 4 , that even though we strengthen the stability condition, stable networks in Phase 1 tend to become a single cluster with a dense structure. On the other hand, the connectedness breaks further in Phase 2, yielding to a more segmented structure (Fig. 5) .
Path to recovery?
In addition to the two critical dates provided in the previous section, we now look at two other dates which featured the recent development of the EMU sovereign debt markets since 2010 where those of Greece, Ireland, Italy, Portugal and Spain had been successively under intense pressure. The first additional critical date is the 7th of April 2011, the date when Portugal requested immediate assistance from the European Financial Stability Facility (EFSF) and also the date when the European Central Bank (ECB) increased interest rates by 25 basis points, which is a very controversial decision considering the euro area's status at that time. After this event, the spreads between the EMU sovereign bonds even expanded and the average correlation hit bottom, hovering around the 0.2 level.
Later, the ECB took policy decisions such as lowering interest rates to stimulate economic activities and local policy makers promised structural reforms in these countries. Although these reactions seem to have been effective on spreads (see Fig. 1 ), Fig. 6 reveals that they are not enough to force the EMU bond yields to act as a single asset class as in the period preceding the bankruptcy of Lehman Brothers. From the beginning of 2013, we observe a significant increase in the EMU bond market co-movements with a decreasing trend in their yields (see Figs. 1, 6 ). Although we cannot say it formally, this situation seems to draw a picture of going back to the pre-Lehman Brothers network structure. An interesting question then arises as to what could be the drivers of these changes. Recent studies show that in the eurozone, fiscal rules, debt, deficits, and debt-service ratios play the main roles in determining the sovereign spreads (Schuknecht et al. 2009; Fatas 2010; von Hagen et al. 2011; Bernoth et al. 2012; Iara and Wolff 2014) . Therefore, if aforementioned significant changes in the sovereign bond yield trends and correlation dynamics are to be observed from 2013, we would then expect at least a recovery or signs of recovery in terms of fiscal performance of the EMU members prior to 2013. However, this is not the case here. One possible explanation seems to be related to the second additional critical date, the 3rd of January 2013, when the minutes of the US Fed's FOMC meeting on 12-13 December 2012 were released. The importance of the meeting was that for the first time, there was some uncertainty on how long the Fed should keep buying bonds. 12 Indeed, the so called "Fed tapering" operation that was formally announced by Bernanke on May 22, 2013, seems to be uttered in this meeting.
While it is not proved in this study, it is likely that the public announcement of the Fed tapering possibility has important influence on the changes we observe in the EMU bond markets, and this impact is transmitted through the "flight-to-quality" mechanism. Indeed, when the differences in government bond yields have sharply increased in the euro area for the first time, the main explanation was that the market players have been shaken through a wake-up call triggered by the global financial crisis and started to distinguish between the different EMU member countries (Beber et al. 2009 ).
However, in the case of first Fed tapering rumours in early 2013 and the following vanishing excess liquidity environment, the flight-to-quality mechanism again is in place, but this time, the flight comes from emerging markets to developed markets worldwide as quality haven. 13 The problem is that in the previous case, low and high quality addresses were mainly based on solid fiscal performances (Schuknecht et al. 2009; von Hagen et al. 2011; Bernoth et al. 2012; Iara and Wolff 2014) . However in the current case, emerging countries, where the flight takes off, are better off in terms of these fiscal performances in general, compared to the target addresses i.e., EMU members including the problematic ones. 14 Overall, the situation after Fed tapering rumors suggests that during the recent recovery period in EMU, not the quality but the "illusion of quality" (probably due to fiscal history of developed and emerging countries) takes a big role. Of course, one could argue that the main influence was originated from the heightened confidence in distressed governments' commitment towards sustainable fiscal policies, 15 and the forthcoming macro-prudential regulations of ECB. However, it should be kept in mind that commitments from governments and policy responses from ECB took place occasionally during 2009-2012 and both did not seem to be enough for a healthy recovery and did not force these yields to act as a single asset class back then. 16 Finally, by using the penalized contrast function methodology of Lavielle (2005) , we formally present the dates when the average correlation shifts to different mean levels in Fig. 6 . 17 We can see that within short time intervals, the aforementioned critical events triggered structural changes in the correlation dynamics. Since May 2013, the EMU members seem to benefit from the illusion of quality as the upward pressure on their bond yields' spreads have loosened and the coherency in the bond yield movements has been improving significantly. Therefore, struggling members have time to implement structural reforms until 12 http://news.yahoo.com/fed-minutes-show-concerns-bond-190130672.html. 13 We observe severe capital outflows from emerging markets during this period. Due to these outflows, currencies of Chile, India, Brazil, Turkey, South Africa and Indonesia experienced depreciations ranging between 10 and 26% in 2013. Similarly, several emerging sovereign bond yields shot up and equity markets in some of these countries loss up to 30% of their values. 14 For example, developed countries worldwide were averaging about 100% debt to GDP ratio while in the emerging countries this ratio was averaging around only about 40% by the end of 2012. Similar considerable differences in other fiscal indicators were also observed. 15 For example, see Codogno et al. (2003) , Barrios et al. (2009) for earlier studies on the subject. 16 Although it is not the scope of this paper, further research could seek answer to the rhetorical question of "do we need any other central banks then Fed?". Naturally, the answer would be "yes" but the idea is to stress on the challenges faced with other central banks when one clearly dominates the others. 17 The main advantage of this methodology is that it does not impose any condition on the dependency and distribution of the data. For details, see Lavielle (2005) . the next excess liquidity environment for whatever the reason. Moreover, a shift in expectations due to this illusion can lead to a further self-fulfilling wave of cross-border capital flows, which would definitely support EMU members on this path. 18
Conclusion
This paper develops a correlation-based stable network approach to examine the recent developments observed in the EMU sovereign bond markets. This approach, which combines the cDCC-FIAPARCH and the simply-stable network structure, allows us to gauge the stability of identified networks over time, to the extent that the connectivity within the sample EMU bond markets might be time-varying. We first model and investigate the dynamic linkages (integration/segmentation) of sample markets both before and after the onset of the European debt crisis that triggered eurozone countries since the end of 2009, and then construct their dynamic networks based on the conditional correlations estimated in the first stage.
Our results show an almost perfect integration of the EMU sovereign bond markets in the pre-crisis period. The integration structure is then severely damaged, reflected by an all time low group correlation in the EMU, following the collapse of Lehman Brothers and the release of fiscal problems in Greece. On the other hand, the simply-stable network analysis uncovers two different network structures before and after the occurrence of the European debt crisis, with a decreasing trend of the overall correlation over the in-crisis period. This decrease in the cross-market co-movement is found to be not related to a general dispersion of the EMU member countries, but rather caused by clusters of countries that exhibit high within-cluster co-movement but not between-cluster co-movement. Accordingly, in its new network structure, the EMU sovereign bond markets are segmented into two main groups where fiscal performance seems to be the main reason for this segmentation. Moreover, these two main parts are connected through only one member, Belgium. This situation suggests that the path to recovery in a positive outlook or the transmission of crisis shock in the opposite case will take place through this member and its debt market should be carefully monitored by policy makers and investors.
A discussion of result implications on the recovery signals and, in particular, the recent increased harmony in the EMU sovereign bond markets was also conducted. It appears that that the EMU fundamental indicators did not play an effective role in this case, as they were in a much worse situation compared to pre-crisis levels and did not even show promising performance until the start of the convergence process in early 2013. Alternatively, transitions were mainly attributed to the Fed tapering rumors originated in early 2013 and the following diminishing excess liquidity environment. This chain of events eventually created an instinct of "need to flight-to-quality" from emerging countries to developed ones, even though fiscal performances tell that a different story should have been written. The results naturally bring out the following question: If the turmoil observed during 2008-2009 was a self-correction in financial markets then, were EMU bond markets overvalued pre-2008 or are they undervalued post-2009? The values in the parentheses are p values obtained from robust standard errors *, ** and ***Denote significance at 10, 5 and 1% levels respectively
